Experimental autoimmune encephalomyelitis (EAE) induced in the rat by active immunization with myelin-oligodendrocyte-glycoprotein (MOG) is mediated by synergy between MOG-specific T cells and demyelinating MOGspecific antibody responses. The resulting disease is chronic and displays demyelinating central nervous system (CNS) pathology that closely resembles multiple sclerosis. We analyzed major histocompatibility complex ( 
Introduction
Human organ-specific inflammatory diseases such as multiple sclerosis (MS) 1 result from environmental influences interacting with multiple genes (1) . The major histocompatibility complex (MHC) is well established as one of the gene regions predisposing to MS (2) . However, the particular genes within the MHC that are involved and the mechanisms by which they act are still controversial (3) . The MHC influence on the susceptibility to experimental autoimmune encephalomyelitis (EAE) induced by myelin basic protein (MBP), which is a purely T cell-dependent disease, has been studied extensively (4) . In this model, certain MHC haplotypes are commonly described as disease permissive, while others are described as resistant. This can be considered a gross oversimplification of the situation in human organ-specific inflammatory diseases such as MS and type I diabetes, in which the autoimmune response involves both T cells and a variety of autoantibody responses (5) (6) (7) . Such a more diverse autoimmune response may well initiate and/or include a large number of different immune effector mechanisms, which, in turn, are regulated by genes encoded both within and outside the MHC. This might modify the relative importance of specific MHC class II molecules in determining disease susceptibility.
We use myelin-oligodendrocyte-glycoprotein (MOG)-induced EAE in rats to study how differences in the MHC haplotypes influence a model that incorporates more of the complexity in immune effector mechanisms seen in human organ-specific inflammatory diseases. In MOG-EAE, a specific T cell response triggers an inflammatory cascade that opens the blood-brain barrier to circulating anti-MOG specific antibodies and serum complement. Antibody can then bind to the outer surface of the myelin sheath and mediate demyelination through a combination of complement and antibody-dependent cellular cytotoxicity-mediated mechanisms, while the local production of complement-derived pro-inflammatory factors amplifies the local inflammatory response. The histopathology of the lesions induced by this combination of immune effector mechanisms closely resembles that seen in MS (8, 9 , the present work). To study the MHC in MOG-EAE on a constant non-MHC background and disease-inducing environment, we used MHC-congenic and intra-MHC recombinant congenic rats. The disease-inducing environmental challenge is titrated on two different MHC haplotypes. To investigate non-MHC gene modifying effects on the MHC, we varied the non-MHC background while holding the MHC haplotype and the disease-inducing environment constant. Clinical course, histopathology, and MOG-specific immunity are studied in relation to these manipulations.
Immunogens and Ags. The N-terminal sequences of rat MOG (amino acids 1-125) and rat S100 ␤ (11) were expressed in Escherichia coli and purified to homogeneity by chelate chromatography (12) . The purified proteins in 6 M urea were then dialyzed against PBS to obtain preparations that were stored at Ϫ 20 Њ C. MOG and S100 ␤ were used in all cell cultures at 3 g/ml. These Ag concentrations had given optimal stimulations in previous titration experiments. Concanavalin A (ConA) (Sigma Chemical Co., St. Louis, MO) was used at 1 g/ml.
Induction and evaluation of EAE. Rats were anesthetized and injected intradermally at the base of the tail with 100 l of inoculum containing 50 g of rat MOG in saline emulsified (1:1) with CFA (Sigma Chemical Co., St. Louis, MO) containing 200 g of Mycobacterium tuberculosis (strain H 37 RA; Difco Laboratories, Detroit, MI). For dose titration experiments in LEW.1A and LEW.1N rats, individual rats were injected with 1 g, 5 g, 10 g, 20 g, 50 g, or 100 g of MOG mixed with CFA as described above.
Rats were scored for clinical signs of EAE and were weighed daily up to 40 d post immunization (p.i.) by two alternating investigators. The signs were scored as follows: Grade 1, tail weakness or tail paralysis; and Grade 2, hind leg paraparesis or hemiparesis; Grade 3, hind leg paralysis or hemiparalysis; Grade 4, complete paralysis (tetraplegy), moribund state, or death. Ataxia was routinely assessed. A disease remission was defined as an improvement in disease score from either 3 or 4 to 1, or from 2, 3, or 4 to 0 that was maintained for at least 2 d consecutively. A relapse was defined as an increase in the clinical deficit of at least two points that lasted for at least two days.
Histopathological examination. Histological evaluation was performed on paraformaldehyde-fixed, paraffin-embedded sections of brains and spinal cords sampled at day 12 p.i. and day 40 p.i. Paraffin sections were stained with hematoxylin-eosin, Luxol fast blue, and Bielschowsky silver impregnation to assess inflammation, demyelination, and axonal pathology, respectively.
The inflammatory index was determined from the number of perivascular inflammatory infiltrates of each animal on an average of 15 complete cross sections of spinal cord. The degree of demyelination was evaluated separately for brain and spinal cord sections and semiquantitatively described and scored as follows: traces of perivascular or subpial demyelination (0.5); marked perivascular or subpial demyelination (1); confluent perivascular or subpial demyelination (2); massive confluent demyelination (e.g., half of spinal cord, one optic nerve complete) (3); and extensive demyelination (transverse myelitis, half of the cerebellar white matter or more, both optic nerves complete) (4) .
In adjacent serial sections, immunohistochemistry was performed with Ab against the following targets: macrophages/activated microglia (ED1; Serotec, Oxford, UK), T cells (W3/13; Seralab, Sussex, UK), C9 (13), rat Ig (biotinylated ␣ -rat; Amersham, Buckinghamshire, UK), and glial fibrillary acidic protein (GFAP; Boehringer Mannheim, Mannheim, Germany). Bound primary Ab was detected with a biotin-avidin technique previously described in detail (14) . Control sections were incubated in the absence of primary Ab or with non-immune rabbit serum.
Fractionation and cultivation of mononuclear cells from LN and blood. Under deep anesthesia, draining inguinal (lymph nodes [LN]) were dissected out and put into DMEM (Life Technologies, Paisley, Scotland). LN were disrupted and mononuclear cells (MNC) washed twice in DMEM, resuspended in complete medium (CM) containing DMEM supplemented with 1% rat serum, 1% penicillin/streptomycin (Life Technologies), 1% glutamine (Life Technologies), and 50 M 2-ME (Life Technologies), and flushed through a 70-m plastic strainer (Falcon; Becton Dickinson-Vacutainer Systems, Franklin Lakes, CA). MNC were cultured at a concentration of 2 ϫ 10 6 cells/ ml in either 96-well round-bottom microtiter plates (Nunc, Roskilde, Denmark) with 100 l of cell suspension per well, or 24-well flat-bottom plates (Falcon; Becton Dickinson-Vacutainer Systems) with 1000 l of cell suspension per well at 37 Њ C in a humidified atmosphere containing 5% CO 2 . To assess any T cell proliferation induced by minor bacterial contamination of the recombinant MOG, recombinant S100 ␤ was added to parallel T cell cultures. The MOGspecific proliferative stimulation index (SI) was obtained with the formula 1 ϩ (SI MOG Ϫ SI S100 ␤ ). Ag-induced IFN-␥ mRNA expression was measured by culture of 2 ϫ 10 6 MNC in 1000 l of CM per well in 24-well plates in the presence and absence of MOG, S100 ␤ , and ConA for 48 h at 37 Њ C and 5% CO 2 . The cells were collected, washed twice in PBS (Life Technologies), and counted, and 1 ϫ 10 5 cells were dried onto restricted areas of glass slides (Probe On; Fisher Scientific Co., Pittsburgh, PA) for each Ag. In situ hybridization and counting of positive cells were performed as described (15) . Responses induced by bacterial contamination of the recombinant MOG were controlled by using recombinant S100 ␤ protein. The numbers of IFN-␥ mRNA-expressing cells induced by recombinant S100 ␤ were 0-4 per 1 ϫ 10 5 cells. The MOGspecific numbers of IFN-␥ mRNA-expressing cells were expressed as MOG minus S100 ␤ IFN-␥ mRNA-expressing cells.
An Elispot method was used to enumerate T cells secreting IFN-␥ after Ag exposure (15) . Nitrocellulose-bottom 96-well plates (MAHA; Millipore, Molsheim, France) were coated with the mAb DB1 (antirat IFN-␥ ; a generous gift of Dr. Peter van der Meide, TNO Primate Centre, Rijswijk, The Netherlands). After blocking with DMEM containing 5% FCS (Life Technologies), we added triplicates of 4 ϫ 10 5 cells in 200 l of CM per well and antigen to the plates and incubated them for 48 h at 37 Њ C in a humidified atmosphere containing 5% CO 2 . Secreted and bound IFN-␥ was visualized with biotinylated mDB12 (anti-rat IFN-␥ ; Dr. Peter van der Meide), avidin-biotin peroxidase (Vector Laboratories Inc., Burlingame, CA), and staining with carbazole (Sigma Chemical Co.). In control cultures, S100 ␤ induced 0-1 cell per 4 ϫ 10 5 cells of IFN-␥ -secreting cells. The MOG-specific numbers of IFN-␥ -secreting cells were expressed as MOG minus S100 ␤ IFN-␥ -secreting cells.
Enumeration of cells secreting Ag-specific antibodies. An Elispot method was used for enumeration of plasma cells secreting anti-MOG specific antibodies (16) . Nitrocellulose-bottom 96-well plates (MAHA; Millipore) were coated for 12 h with either 3 g/ml MOG in PBS, 3 g/ml S100 ␤ in PBS, or PBS alone. The plates were then washed with PBS and blocked with DMEM containing 5% FCS (Life Technologies). Triplicates of 2 ϫ 10 5 MNC per well in 100 l of CM for each antigen were incubated for 16 h at 37 Њ C in a humidified atmosphere containing 5% CO 2 . Secreted and bound antibodies were visualized by polyclonal rabbit anti-rat Ig (Dako, Glostrup, Denmark), biotinylated anti-rabbit Ig (Dako) followed by avidin-biotin peroxidase (Vector Laboratories), and staining with carbazole (Sigma Chemical Co.). The number of S100 ␤ -specific spots was equal to the number of spots in PBS-coated wells. The mean number of spots in PBS-coated control wells was subtracted from the number of spots recorded in the MOG-coated wells. The results are expressed as the number of anti-MOG Ab-secreting cells per 10 5 MNC. Collection of serum samples and ELISA. Blood samples for Ab measurements were taken at days 12 p.i. and 40 p.i. 96-well ELISA plates (Nunc) were coated with 2.5 g/ml (100 l/well) recombinant rat MOG overnight at 4 Њ C. Plates were washed with PBS/0.05% Tween and blocked for 1 h at room temperature (RT). Diluted serum samples were added after washing and plates were incubated for 1 h at RT. Then, plates were washed, and diluted rabbit-anti-rat antiserum (Nordic, Tilburg, The Netherlands) was added and incubated for 1 h at RT. Unbound antibodies were then removed by washing prior to the addition of peroxidase-conjugated goat-anti-rabbit antiserum (Nordic) diluted in PBS/0.05% Tween (1:10,000). After 30 min, incu-bation plates were washed thoroughly, and bound antibodies were visualized through addition of 3,3 Ј ,5 Ј 5 Ј -tetramethylbenzidine (TMB; Sigma Chemical Co.). The enzymatic reaction was stopped with 1 M HCl after 15 min of incubation in darkness, and the optical density was read at 450 nm.
Statistics. Differences in the occurrence of inflammation and demyelination between MOG-immunized strains were tested for significance with Fischer's exact test. T and B cell responses were tested for significance by comparing responses in MOG-immunized rats with responses in CFA-immunized rats, using Student's t test for variables with normal distribution and the Mann-Whitney U test for other variables. Normality testing was performed with the Shapiro-Wilk test. Corrections for multiple comparisons were made with the Bonferroni method. (17) .
Results

Modulation of MOG-EAE by
Disease outcome in these LEW RT1 congenic rat strains ranked from mild or no disease to acute lethal disease (Fig. 1  A ) . The most fulminant disease course was seen in LEW.1N (RT1 n ) rats, which developed early onset acute lethal disease with paraplegia, ataxia, and extensive demyelinating plaques. (Fig. 2, see Fig. 5 ). The hyperacute fatal disease course in LEW.1N rats was associated with widespread inflammatory demyelinating lesions in the CNS at day 12 p.i. These actively demyelinating lesions contained large numbers of polymorphonuclear cells, as well as T cells and macrophages, and were associated with extensive deposition of IgG and C9. LEW.1AV1 and LEW.1A rats exhibited a mixture of purely inflammatory and mixed inflammatory-demyelinating lesions on day 12 p.i., which by day 40 p.i. had progressed to form large areas of confluent demyelination. Only one out of thirteen LEW.1W rats was found to have a low degree of inflammatory pathology in the CNS on day 12 p.i., although by day 40 p.i., several rats exhibited a subclinical inflammatory response in the CNS that was in some cases accompanied by minor perivascular demyelination. However, the two most severely diseased LEW.1W rats were found to have large confluent focal demyelinating lesions in the spinal cord, medulla oblongata, and cerebellum. In accordance with the lack of clinical disease in LEW rats, no CNS pathology was observed on day 12 p.i. and only a small number of rats exhibited moderate perivascular inflammation in the spinal cord on day 40 p.i.
We studied if the RT1 haplotype-regulated disease outcome was correlated to any qualitative or quantitative aspect of the MOG-specific immune response on day 12 p.i. (Fig. 3  A ) . MOG-induced T cell proliferative responses and the number of IFN-␥ mRNA-expressing cells in MNC from the draining LN correlated with the severity of clinical disease. When compared with CFA-injected controls, LEW.1N rats displayed the highest stimulation indices, followed by LEW.1A, LEW.1W, and LEW rats. A similar hierarchy was apparent for the number of MOG-induced IFN-␥ mRNA-expressing cells with the highest numbers in the LEW.1N strain, followed by LEW.1A, LEW.1W, and LEW rats. All strains showed similarly high proliferation indices and high numbers of IFN-␥ mRNAexpressing cells after mitogenic stimulation with ConA (data not shown). The degree of the MOG-specific B cell response was also similarly ranked in that the number of anti-MOG Ab secreting cells was high in LEW.1N and LEW.1A, while LEW.1W and LEW had low numbers. This was paralleled by the anti-MOG Ab titers. Thus, the onset of clinical disease and lesion growth/activity in LEW RT1 congenic rat strains corre- Figure 1 . Clinical course of MOG-induced EAE in MHC congenic and intra-MHC recombinant congenic rat strains. Mean daily scores of (A) LEW (n ϭ 8), LEW.1W (n ϭ 14), LEW.1A (n ϭ 10), and LEW.1N (n ϭ 14); (B) LEW.1AR1 (n ϭ 27), LEW.1WR1 (n ϭ 28), LEW.1AR2 (n ϭ 18), and LEW.1WR2 (n ϭ 13); (C) DA (n ϭ 9), LEW.1AV1 (n ϭ 10), PVG-RT1 a (n ϭ 10), and ACI (n ϭ 13) rats. LEW.1N rats developed an acute lethal disease with ataxia and paraplegia (13 of 14 rats died between days 12-15 p.i.). LEW.1A, LEW.1AR2, and LEW.1WR2 rats had chronic disease, while DA and LEW.1AV1 rats had chronic and/or relapsing disease. LEW.1W, LEW.1AR1, LEW.1WR1, and PVG-RT1 a rats were semiprotected. LEW and ACI rats showed no clinical signs of disease during the 40 d observation period.
lated to the degree of functional activation and expansion of MOG-specific T and B cells.
RT1 determines the Ag concentration threshold necessary to trigger disease. The effect of the RT1 haplotype on determining sensitivity to disease induction (eg. environment) was investigated in the highly susceptible MHC congenic strains LEW.1N and LEW.1A. Animals were immunized with doses of MOG ranging from 1 g to 100 g MOG. LEW.1N rats developed both clinical disease and CNS pathology at all Ag doses tested, whereas LEW.1A rats only developed disease when injected with Ն 50 g of MOG (Fig. 4, A and B) . Interestingly, not only disease severity but also disease course were dose related, with the majority of LEW.1N rats developing a chronic, rather than acute, disease when injected with lower Figure 2 . Semiquantitative assessment of CNS inflammation and demyelination. Individual rats sacrificed on day 12 p.i. or day 40 p.i. are represented by black dots and group means by horizontal lines. At day 12 p.i., inflammation was more frequent in LEW.1A (P ϭ 0.002), LEW.1AR2 (P Ͻ 0.001), LEW.1WR2 (P ϭ 0.003), and LEW.1N (P Ͻ 0.001) rats compared with LEW.1W rats, and demyelination was more frequent in LEW.1A (P ϭ 0.048), LEW.1AR2 (P ϭ 0.012), and LEW.1N (P Ͻ 0.001) rats than in LEW.1W rats. At day 40 p.i., no differences remained in regard to inflammation in rats with the LEW background (P Ͼ 0.05), but demyelination was more frequent in LEW.1A (P ϭ 0.001), LEW.1AR1 (P ϭ 0.003), LEW.1AR2 (P ϭ 0.03), and LEW.1WR2 (P ϭ 0.001) rats compared with LEW.1W rats. When comparing rats sharing the RT1 av1 haplotype but having different non-MHC background genomes, we found that inflammation and demyelination were less frequent in PVG-RT1 a and ACI rats at day 12 p.i. (inflammation, P ϭ 0.010 and 0.012; demyelination, P ϭ 0.010 and 0.012) and day 40 p.i. (inflammation, P ϭ 0.001 and 0.026; demyelination, P ϭ 0.002 and 0.007), but not in DA rats (P Ͼ 0.05 for all variables and timepoints), compared with LEW.1AV1 rats. All P values were calculated with Fischer's exact test corrected for multiple comparisons with the Bonferroni method. doses of autoantigen. Once again, the induction of clinical disease correlated with the MOG-specific immune response (Fig.  4 C) . LEW.1N rats displayed high MOG-specific Ab titers at all doses tested, while LEW.1A rats raised MOG-specific Ab only at doses of 50 or 100 g. Thus, the identity of the MHC also determined the amount of Ag necessary to trigger autoimmune disease.
RT1.B/D allelic products are the key regulators of susceptibility in MOG-EAE.
To narrow the regions within the MHC that modulated the disease phenotypes, we used different combinations of RT1.A/B/D/C alleles of the RT1 a and RT1 u haplotype on the permissive LEW background (10, 15) (Table I) . Intra-MHC recombinant rats with recombination events between RT1.A and RT1.B (LEW.1AR1 and LEW.1WR2, respectively) and RT1.D and RT1.C (LEW.1AR2 and LEW.1WR1, respectively) allowed us to map the region within the MHC and determine susceptibility to MOG-induced EAE. The clinical disease courses are outlined in Fig. 1 B, and the histopathological evaluation is given in Fig. 2 Consistent with the early onset of clinical disease in LEW.1AR2 rats, at day 12 p.i., two-thirds of the rats had inflammation alone or inflammation associated with demyelination, while by day 40 p.i., most animals had demyelinating lesions in the spinal cord and the brain. A number of LEW.1WR2 rats showed inflammation on day 12 p.i. that was not associated with demyelination, but large confluent plaques of demyelination were observed by day 40 p.i., predominantly in the spinal cord (Fig. 5) . LEW.1WR1 and LEW.1AR1 rats had no or minimal inflammation and no demyelination in the CNS by day 12 p.i. As with the LEW.1W strain, some rats from these two strains developed demyelinated lesions and clinical symptoms late in the observation period. The LEW.1AR1 strain was especially prone to develop CNS lesions, as discussed below.
T cell proliferation assays, Elispot assays to assess the number of IFN-␥-secreting cells, and serum titers of anti-MOG Ab on day 12 p.i. revealed that rats having the RT1. (Fig. 3 B) . All strains had high proliferation indices and between 500 and 2,000 IFN-␥-secreting cells per 4 ϫ 10 5 cells after stimulation with ConA.
The main susceptibility locus within the MHC for MOGinduced EAE thus maps to the RT1.B/D region. This was (Table I) , developed an acute and lethal disease similar to the LEW.1N rat strain (data not shown). Further support comes from the observation that BN rats, which are commonly considered to be resistant to EAE-induction (18) but which are also RT1.B n /D n (Table I) , are highly susceptible to MOGinduced EAE (Linington, C., Weissert, R., unpublished observation). To rule out possible influences from genetic drift of the LEW.1N strain, intercross F2(LEW.1N ϫ LEW) rats were investigated to confirm linkage of acute lethal disease to RT1 n (data not shown).
An influence of the RT1.A region (MHC class I) on lesion development in MOG-induced EAE was suggested by the more pronounced demyelination in the brain and spinal cord in the LEW.1AR1 (RT1 r2 ) compared with the LEW.1W (RT1 u ) strain on day 40 p.i. (Fig. 2) . Due to the recombination between RT1. (Table I) . While none out of ten LEW.1A rats had a relapsing/remitting type of disease, but instead developed chronic neurological deficits, five out of ten LEW.1AV1 rats developed a relapsing remitting disease course (P ϭ 0.02; Fisher's exact test).
Modulation of RT1 av1 influences by four different non-MHC backgrounds. We investigated the degree of susceptibility, clinical disease course, and lesional pathology in four different RT1 av1 haplotype-bearing rat strains: DA, LEW.1AV1, PVG-RT1 a , and ACI (Figs. 1 C and 2 ). Five out of nine DA rats and five out of ten LEW.1AV1 rats exhibited a relapsing/ remitting disease course with classical ascending paraparesis. In addition, two out of ten LEW.1AV1 rats displayed ataxia (data not shown). Thus, the RT1 av1 haplotype permitted a similar clinical disease phenotype on the LEW and DA rat non-MHC genes, with slightly more acute symptoms in the LEW.1AV1 rat. In contrast, the PVG and ACI non-MHC genes were less permissive for MOG-induced EAE in conjunction with the RT1 av1 haplotype. At day 12 p.i., PVG-RT1 a and ACI rats displayed little or no CNS pathology. In contrast, LEW.1AV1 and DA rats had already developed extensive CNS lesions by day 12 p.i. In both strains, large plaques of demyelination with variable demyelinating activity were found in both the brain and spinal cord by day 40 p.i. Actively demyelinating areas were characterized by infiltration with T cells and macrophages, and destruction of myelin was associated with the deposition of C9 and IgG. In inactive areas, the inflammatory lesions contained numerous macrophages. Gliotic scar formation was evident in areas with confluent demyelination and axonal density was only slightly reduced. Thus, the RT1 av1 haplotype on two different EAEpermissive non-MHC backgrounds resulted in similar histopathological changes that were strongly reminiscent of those seen in MS.
To study if the regulation of disease outcome by interactions involving the MHC haplotype and non-MHC genes was related to any qualitative or quantitative feature of the autoimmune response to MOG, we analyzed MOG-specific T and B cell responses in the four strains with the RT1 av1 haplotype on day 12 p.i. (Fig. 3 C) . MOG induced a proliferative response in the LN cell cultures of all four rat strains on day 12 p.i. However, an increase in numbers of IFN-␥ mRNA-expressing cells was recorded only in the disease-susceptible LEW.1AV1 and DA rat strains (Fig. 3 C) , although all four strains displayed similar increases after mitogenic stimulation with Con A (data not shown). The numbers of anti-MOG Ab-secreting cells were also higher in DA rats and LEW.1AV1 rats than in PVG-RT1 a rats and ACI rats. This correlated with the anti-MOG Ab titers. Thus, the RT1 av1 haplotype is permissive for induction of a MOG-specific autoimmune response in all strains, but the functional maturation of this response is strongly influenced by non-MHC genes.
Discussion
We demonstrate that MHC haplotypes differ in the severity of the ensuing disease they permit in response to a constant autoantigenic MOG challenge. Furthermore, the MHC haplotype determines the amount of autoantigen needed to induce disease. Thus, MHC haplotypes are not strictly disease permissive or resistant. Instead, there is a hierarchy in MHC haplotype regulation of disease, with high responder haplotypes such as RT1 n and RT1 (19) . This form of MHC haplotype-regulated graded influence on MOG-EAE, a model that is more like MS than any other EAE model (8, 9 , the present work), gives perspective on how HLA haplotypes might be involved in the regulation of human MS. Similar to what is observed here, graded influences are apparent. The HLA-DR2(15) haplotype strikingly increases the risk to develop MS, followed by HLA-DR3 (17) , while a series of other HLA haplotypes also permit disease (20) . Hypothetically, and consistent with the present observations in MOG-EAE, the former haplotypes would allow disease with milder environmental triggers and/or a less susceptible non-MHC background genome, and vice versa, with regard to less permissive HLA haplotypes. Since neither the triggering events nor the background genomes can be experimentally manipulated in humans, we believe that our findings in MOG-induced EAE are important as a basis for further mechanistic studies to understand how the MHC regulates complex organ-specific inflammatory diseases. At present, we hypothesize that allelic variations in the MHC class II molecule peptide binding abilities might be responsible for the dramatic differences between the different haplotypes in response to immunization with MOG. The antigen-MHC interaction decisively influences the developing T cell repertoire within the thymus (21) (22) (23) (24) and the degree and quality of peripheral T cell activation (25, 26) . T cell transfer experiments show that the numbers and functional differentiation of adoptively transferred T cells correlate with the severity of the subsequent disease (27) (28) (29) . We currently explore how allelic variations in the MHC class II molecule binding abilities to MOG peptides correlate to the selection, expansion, and epitope specificity of encephalitogenic T and B cells. This study strongly suggests that the mechanism for MHC haplotype regulation of the degree of ensuing disease is by regulation of the quantity and quality of the autoimmune response after autoantigenic challenge, since these factors directly correlated to each other.
The use of intra-MHC recombinant rats mapped major regulatory influences to the MHC class II region. A strong argument in favor of a role for RT1.B and/or RT1.D molecules (equivalent to human HLA-DQ and HLA-DR, respectively) is the different MHC haplotype restriction of MOG-induced disease (19, 30 , the present work) as compared with MBPinduced EAE in LEW compared with LEW.1N rats (31, Table  II ). This is difficult to reconcile with any general immunoregulatory genes in the MHC class II region, since only allelic forms of the RT.1B and RT.1D molecules would discriminate between Ags. Interestingly, the RT1 av1 haplotype is highly disease permissive to MBP, PLP, and MOG as well (32-34, the present work). By this ability, RT1 av1 is CNS-autoantigen promiscuous, unlike the RT1 n haplotype. Since MHC class II molecules are restriction elements for CD4 ϩ T cells, another argument supporting the major role of the RT1.B and RT1.D is the correlation between the severity of clinical disease and the magnitude of the MOG-specific T cell response. MOG-specific B cell responses also show a correlation to disease severity, a phenomenon that we regard as probably secondary to the T cell response (35) (36) (37) . The degree of the ensuing B cell response might well be causally related to the degree of ensuing disease in view of the importance of anti-MOG antibodies in demyelination and the potential antigen-presenting ability of B cells (38) . Apart from the classical MHC class II molecules themselves, some other immunoregulatory genes also map within the MHC class II region. An important example of this is RT1.DM (the equivalent of the human HLA-DM) (39) , and a final proof for a particular gene being instrumental may necessitate its knockout and/or transgenic expression. Furthermore, there are haplotype-specific disease-promoting influences from genes down-or upstream from the MHC class II region. Recombinations between the MHC class I and class II region showed that the RT1. ) rats, which results in a differential loading of peptides onto class I MHC molecules (cim effect) (40) . Genes upstream from the MHC class II region in the RT1 av1 haplotype might also modulate clinical disease type since LEW.1AV1, but not LEW.1A, rats developed a relapsing/remitting disease course.
Non-MHC genes could abrogate MHC-permitted susceptibility to MOG-induced EAE. By changing non-MHC genes on a constant MHC haplotype, we show that non-MHC genes are disease protective in PVG-RT1 a and ACI, and permissive in DA and LEW.AV1 rats. Interestingly, while all strains mounted a marked proliferative response to MOG in vitro, only the disease-permissive ones displayed MOG-induced IFN-␥ mRNA expression and a strong MOG-specific B cell response. This demonstrates that genes outside the MHC determine the pathogenic potential of T cells by regulating their functional differentiation, for instance, at the level of IFN-␥ expression and secretion, or providing B cell help. Findings consistent with this have been reported in mice (41) . Furthermore, in MBP-induced EAE, exogenous IL-12 was necessary for disease induction in B10.S mice (42) . We are currently mapping the non-MHC genes that modulate RT1 mediated effects in MOG-EAE by genome-wide microsatellite screening (43) of an F2 intercross between DA and ACI rats.
In conclusion, we have explored the immunogenetic characteristics of the new and very MS-like MOG-EAE in rats. This gives an experimental basis for a hypothetical model of MHC influences in complex organ-specific inflammatory diseases, in which an MHC-haplotype-dependent hierarchically ordered susceptibility is modulated by environmental triggers and other, still undefined, non-MHC background genes.
